As the height of the building increases, loads on load-carrying structures increase dramatically, and as a result of the development of highrise construction, several structural systems of such buildings have been developed: frame, frame-frame, cross-wall, barrel, box-type, box-to-wall ("pipe in pipe", "Trumpet in the farm"), etc. In turn, the barrel systems have their own versions: cantilever support of the ceilings on the trunk, suspension of the outer part of the overlap to the upper carrying console "hanging house" or its support by means of the walls on the lower bearing cantilever, intermediate position of the supporting cantilevers in height to the floor, from a part of floors. The object of the study are the structural solutions of high-rise buildings. The subject of the study is the layout of structural schemes of high-rise buildings, taking into account the main parameters -altitude (height), natural climatic conditions of construction, materials of structural elements and their physical and mechanical characteristics. The purpose of the study is to identify the features and systematization of structural systems of high-rise buildings and the corresponding structural elements. The results of the research make it possible, at the stage of making design decisions, to establish rational parameters for the correspondence between the structural systems of highrise buildings and their individual elements.
Introduction
High-rise buildings have a specificity, significantly different from them traditional highrise buildings and multi-storey buildings. Among the main features of high-rise buildings are:
• Significant values of both static and dynamic loads on load-bearing structures and on bases;
• high, sometimes critical value of horizontal (primarily wind) loads;
• problems of unevenness of both load values and the nature of their application;
• careful and correct selection of construction materials, excluding separate work of structural elements and ensuring homogeneity of physical and mechanical characteristics;
• Increased significance of natural (airflow, seismicity, temperature, etc.) and technogenic factors (vibration, accidents, fires, local destruction) on the safety of construction and operation;
• complex solutions of internal engineering systems and communications, accompanied by the creation of additional engineering units, which is due to the height of the building;
• Increased requirements for integrated security, including firefighting, involving the use of technical solutions of a qualitatively different level and affecting the choice as volumeplanning, and constructive decisions.
These aspects must be taken into account when choosing a structural scheme of a highrise building and designing load-bearing structures.
The publications devoted to high-rise buildings consider design, construction and operation issues based on unique experience in different countries of the world [1] [2] [3] [4] [5] [6] [7] . Despite the fact that this experience is permanently generalized by researchers in this field of construction, the appearance on the world map of each new high-rise building is of interest to a large number of specialists dealing with the problems of developing new building materials, non-traditional structural solutions for load-bearing and enclosing structures (including facades) , dealing with issues of hydrogeology, improvement of engineering systems, architects and city planners, construction monitoring services, etc. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
The unique experience in the world practice of design and construction of high-rise buildings is enriched by new objects every year, taking into account the various conditions for the construction and operation of these buildings and the trends in the development of the society's needs at the present stage in ensuring the quality of living and a comfortable environment of life activity [20] [21] [22] .
Constructive schemes of height buildings
The choice of a concrete constructive scheme of a building depends on a complex of factors, the main of which are the height of the building, its purpose, construction conditions (characteristics of foundation grounds, seismicity, atmospheric, especially wind, impacts), architectural and planning requirements.
As the practice of high-rise construction developed in the leading countries, several structural schemes (systems) of the above-ground parts of buildings were developed, tested, improved and implemented:
• frameless with cross-bearing walls, • frame-frame, • frame with diaphragms of rigidity, • barrel, frame-barrel, • box-type (shell), • Stem-box ("pipe in the pipe", "trumpet in the farm", "bundle of pipes").
Frameless with a cross-bearing walls scheme (Figure 1a ), which for centuries has been the main solution for buildings of any purpose, in high-rise construction is applied sporadically and mainly for residential buildings and hotels, as the space-planning decisions of the buildings for this purpose are completely consistent with the requirements constructive scheme. The unpopularity of frameless wall construction scheme in the environment of architects is explained by limitations of freedom of internal space planning. The frame-frame structural system (Fig. 1b) , which served as the basis for the creation of skyscrapers at the turn of the 19th and 20th centuries, is now widely used in the construction of buildings up to 60 storeys high (in the steel version and later with the reinforced concrete frame). However, with the increase in the number of storeys, the inevitable complication of the design of the frame units for the perception of increasing horizontal loads dictates the transition to a bonded frame with through straightened steel vertical stiffening diaphragms or with solid reinforced concrete walls -stiffening diaphragms. In connection with this, a new constructive scheme was proposed-a frame with diaphragms of rigidity (Fig. 1c) .
Since the 1960s, new structural systems have been actively embarked on high-rise construction -barrel and shell systems.
The trunked structural system (Figure 1d ) as the main supporting structure of the building, which receives loads and impacts, contains a vertical spatial rod -the barrel of rigidity (the "core of rigidity") to the entire height of the building.
In the stiffness of the high-rise building, which is usually located in the central part of the building, a staircase-elevator unit is located, and the structure of the stiffener itself is made of monolithic reinforced concrete, rigid steel structures or a combination thereof. In accordance with European standards, the distance from the outer walls to the core of stiffness in terms of natural light should not exceed 8 m.
The trunk system organically entered the practice of high-rise construction, as it successfully combined with the planning layout of the building. The best conditions for the spatial operation of the structures of the buildings solved according to the barrel scheme provide a strictly central location of the trunk in the plan, as well as the geometric similarity of the shapes of the building and trunk plans with the area of the "core of stiffness" about 20% of the area of the building plan. The widest distribution in the construction of buildings up to 60 storeys of various purposes (administrative, residential, hotels) was combined framebarrel system (Figure 1d ), with the frame location along the outer contour of the building. Joint horizontal movements of the frame and trunk are provided by horizontal outriggersgrillage, located through 18-20 floors. Bearing structures of barrel buildings are mainly reinforced concrete prefabricated and monolithic. The section of the walls of a monolithic trunk varies from 40-100 cm in the lower floors to 20-30 cm in the upper ones, depending on the number of storeys.
However, due to the limited dimensions of the staircase-elevator units (trunks) in the buildings of high altitude (more than 200 m), this system causes more concentrated loads on the base and can not provide the necessary rigidity, in connection with which the world practice has developed a box shell) constructive system, in which the required flexural rigidity is provided by the outer shell of the building. The shell structural system (Figure 1e ) is characterized by maximum rigidity in comparison with the above schemes, since the supporting structures are located along the outer contour.
The main shell system is accompanied by two combined shell-barrel ("pipe in the pipe") ( Figure 1f ) and shell-diaphragm ("bundle of pipes").
As in the main system -shell, and in the combined -sheath-barrel in the center of the plan, the trunk is located with elevator shafts and halls located in its space.
The difference between these variants lies in the horizontal load distribution provided by the project: only on the shell (with the trunk only working on vertical loads from the overlaps) or on the shell and barrel. In the latter variant, the mass of the structure of the floors increases due to their inclusion in the work on horizontal impacts. Nevertheless, most of the shell-type high-rise buildings are built on a shell-and-barrel system, although individual objects have a shell structural system.
The individual specific task of designing shell buildings was the design of a bearing outer shell, combining the bearing and enclosing functions.
Over the past decades, a number of designs have been implemented:
• Spatial bezraaskasnaya multi-storey and multi-span lattice with a frequent step of the columns and floor bolts-crosspieces;
• spatial lattice macro-farm of a large module, whose braces span 10-15 floors, with a rare step of columns;
• Spatial bezraaskasnaya lattice, the rigidity of which increases the dull filling of diagonally located openings;
• lattices of diagonal rods;
• lattices of diagonal and horizontal rods;
• lattices of orthogonal and diagonal rods.
With a further increase in the height of the building, the rigidity of the shell constructions considered may not be sufficient. To this end, in projects that have not been implemented to date, it has been proposed to construct shells from cross-bar structures with the same design of horizontal outriggers-grillage. A means of increasing the hardness of the shell can also serve as a transition from the shell to the shell-diaphragm construction ("bundle of pipes").
The construction of the shell is carried out both from steel elements and from reinforced concrete. Reinforced concrete casings were made monolithic or prefabricated, with preference given to lightweight structural concrete, which made it possible to combine the load-bearing and heat-insulating functions of the wall. In recent years, shells in Europe are made predominantly monolithic from heavy concrete with subsequent insulation and external lining. For elements of steel shells, the most commonly used are rolled or welded elements of closed rectangular cross-section also with subsequent insulation and lining. At the same time, these systems do not allow the use of plastic facade solutions and require the frequent placement of load-bearing racks along the perimeter of the building.
Constructive solutions of the foundations
The effectiveness of the technical solution of the foundation of a high-rise building increases significantly when it is buried. The depth of foundations can be 15-25 m, and in some cases -50 m.
At present, in the design and construction of high-rise buildings, three types of foundations have become widely used: pile, plate and pile-plate (Tablе 1). Plate foundations are made either in the form of continuous monolithic reinforced concrete massifs, the thickness of which can reach 6 m, or in the form of a monolithic box structure, the internal cavities of which are used for parking lots or other technical premises.
d) Pile-slab foundation e) Disconnected pile-slab foundation
In the pile-slab foundation, up to 80% of the load from the building is perceived by piles. This type of foundation is advisable to use in weak deformable soils. The nonsymmetrical (with eccentricity) application of the load can be compensated by the number and arrangement of piles in the foundation, and also by adjusting their bearing capacity by selecting the diameter and length. With a relatively small height of the building and the grounds of increased deformability, it is rational to use a disconnected pile-slab foundation, which lacks structural connections between the base plate and the piles. Piles are used in this case for differentiating the bearing capacity of the soil. The pile head is separated from the solid reinforced concrete foundation plate by a synthetic gasket, through which the load from the plate is transferred to the piles. The strength and durability of the synthetic gasket should correspond to the required design values.
Pile foundation is the most expensive type, however its application, as practice of building and operation of buildings shows, allows to minimize sediment values.
Plate foundation for sand and gravel grounds is most economical if the load is transferred without significant eccentricities In some cases, pile-plate foundations are the most reliable and economical. The choice of a rational design and technological solution and the design of the foundations of high-rise buildings is the following process (Fig.2) .
Fig. 2. The process of constructive and technological solutions and the design of foundations of highrise buildings

Bearing structures
Load-Bearing structures of high-rise buildings at the very beginning of the development of this type of construction were mainly made of steel. And today in buildings with a height of more than 300 m, including "ultra-high", steel structures are used for load-bearing elements. Assembly of factory installation elements on the construction site is carried out with the help of bolted connections, which allows to increase the accuracy of installation by eliminating warpage of steel structures under the influence of high temperatures.
Steel structures are advisable to be used in seismic resistant regions, since steel, due to its plasticity, provides damping of the kinetic energy of seismic impacts. At the same time, steel structures require mandatory reliable protection against fire, since at 300 ° C the strength of steel is sharply reduced.
To increase the load-carrying capacity of columns with the restriction of the dimensions of its cross-section is possible due to the use of steel concrete. Internal walls, including staircase-elevator units (trunks), in recent years have been made, as a rule, from reinforced concrete or encased steel structures, which is dictated by considerations of fire safety.
In recent years, load-bearing structures of high-rise buildings are increasingly preferred to be made of reinforced concrete, since this material has a higher fire resistance and is cheaper, and its strength characteristics approach the strength of steel.
The center of research of prefabricated reinforced concrete frames was Japan. There since the 1970s, seismic resistant frames of high-strength concrete (classes B60-B100) have been developed and introduced into high-rise construction. Tests carried out by Japanese scientists confirmed the possibility of erecting high-rise buildings under conditions of high seismicity.
The structures of high-rise buildings are continuously being improved and are becoming increasingly diverse. In the last decade, pipe-concrete structures of reinforced concrete skeleton are actively used. Their high load-bearing capacity contributed to the revision of the Determination of loads for calculating the bearing capacity and stability of the foundation under the action of a combination of vertical and horizontal loads, taking into account the effect of the cyclic nature of wind and seismic loads Forecast calculation of general and diversified sediments within the basement zone and between individual parts of a high-rise building Analysis and consideration of possible impacts on the foundation of soil vibrations from the outside, the forecast of seismic impacts and reactions to them "object-ground"
Modeling and reaction of the object-base system to dynamic and cyclic influences, taking into account the great flexibility of super-high buildings
The choice of the structural scheme of the foundation and the distribution of the load between the components of the foundation, the determination of the range of pile diameters, their arrangement for different diameters and the preliminary choice of the size of the grillage approach developed over the past 30 years to the application in buildings above 300 m only of the shell structural system.
Horizontal load-bearing structures of high-rise buildings, as a rule, are of the same type and represent a rigid fireproof disc -reinforced concrete (monolithic, prefabricatedmonolithic, prefabricated) or steel-reinforced concrete.
Reinforced concrete floors are made in the form of continuous flat slabs, including prestressed, monolithic ribbed ones with main and secondary beams, monolithic caisson slabs, prefabricated and prefabricated monolithic beam or ribbed structures. At spans of up to 8 m, non-beam ceilings made of solid monolithic plates up to a thickness of 26 cm are widely used.
Prefabricated cast-in-situ reinforced concrete floors of high-rise buildings have become widespread in Japan, since in this case the advantages of industrial manufacturing of the main volume of reinforced concrete are effectively used, which significantly increases the rate of installation of ceilings and preserves the positive qualities of monolithic structures.
A feature of overlapping of high-rise buildings is the fact that suspended ceilings and technological floors are used to accommodate numerous engineering systems (ventilation, heating, conditioning, electricity, etc.) and communications (computer, signal, video surveillance, automation, etc.). The total height of suspended ceilings and technological floors reaches 900 mm, so that at a height of 3,6 m the height of the room is 2,7 m. For the passage of engineering communications in solid beams of overlap, there are appropriate holes, the influence of which on the bearing capacity of beams should be taken into account in calculations .
According to the requirements of strength and fire resistance, all vertical and horizontal load-bearing structures of buildings with a height of more than 100 m will be made of highstrength concrete of class B60-B80 with a fire resistance rating of at least REI 240.
The structures of the coatings for the landing area for rescue helicopters should be made of the same materials and with the same fire resistance limit.
Enclosing structures
According to the constructive solution, the enclosing structures of high-rise buildings are designed either based on interstorey ceilings or suspended to them and performing only the function of protection from climatic, atmospheric factors and providing thermal insulation.
In modern high-rise buildings light profile systems with filling with panels made of aluminum, special glass, polymeric materials, ventilated systems finished with natural or artificial stone, decorative metal sheets, fiber-reinforced concrete screens and other materials are widely used.
Facade systems of high-rise buildings must be technological, air-and vapor-proof, fireresistant, noise-proof, durable and reliable in operation, maintainable, and also have good thermal insulation properties, low coefficient of thermal expansion and low mass.
The climatic effect on the facade systems of high-rise buildings is exerted by the wind, as well as solar radiation, torrential rains, thunderstorms and smog. Facade structures should not only withstand direct wind pressure (up to 20-25 m / s), but also resist tearing forces that occur when air moves along the wall and negative pressure zones appear due to turbulence.
A special place in the varieties of enclosing structures is occupied by translucent enclosing systems. They are designed in accordance with several conditions. Profiled bearing elements for increasing strength properties and durability, as a rule, are made of steel. In translucent filling, especially strong, fire-resistant, low-emission and sun-protective glasses are used. In the practice of modern high-rise construction, double skin systems with external protective screens made of especially durable glass are widely used. They allow you to make the inner glazing partially or fully openable.
Conclusions
Each high-rise building is unique, but at the same time it allows to expand the experience of construction and operation of such buildings for further improvement. The systematization of this experience is important and can be used at the stage of developing the concept of the project and making pre-project decisions.
From the correct choice of the structural system of a high-rise building, the consumption of materials on the bearing structures and the cost of construction depends to a large extent.
Increasing the resistance of a high-rise building to wind loads can be achieved by using a rational form. As shown by numerous foreign studies and operational experience, the most suitable form for the impact of wind is the circular shape of the building. Somewhat inferior to it is an elliptical (oval) shape, and then a square one.
Load-Bearing structures of high-rise buildings distinguish high requirements for strength and deformation characteristics of materials. Traditional materials such as steel and reinforced concrete are used in combination and predetermine the development of new types of combined carrier systems in parallel with the development, research and implementation of high-strength concrete class B 100.
Requirements for facade systems designed for high-rise building construction, far exceed the requirements for the enclosing structures of conventional houses, due to the multiple increase in all types of loads -both dynamic and climatic. The facades of high-rise buildings should be air-and vapor-proof, fireproof, technological, noise-proof, durable and reliable in operation, maintainable, and also have good thermal insulation properties, low coefficient of thermal expansion and low mass.
Facade systems are constantly being improved, new technologies for fabrication and installation of structures, materials (ceramics combined with borosilicate glass, metal foam panels, nanocomposites, glass panels with a superhydrophobic self-cleaning layer, etc.) are being developed.
